Application of the ritz method in tasks loud speakers at motion of load on branch tubular band conveyer by Кирия, Р. В. et al.
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
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WKHRSHUDWLRQRIWKHFKDUJLQJGHYLFHDPRQJZKLFKZHVKRXOGPHQWLRQWKHSK\VLFDODQGPHFKDQLFDO
FKDUDFWHULVWLFVRIWKHFKDUJHPDWHULDOWKDWLVORDGHGLQWRWKHEODVWIXUQDFH

3UDFWLFDOLPSOLFDWLRQV7KHREWDLQHGUHVXOWVPDNHLWSRVVLEOHWRGHYHORSDV\VWHPIRUFRUUHFWLQJWKH
WHFKQRORJLFDO SDUDPHWHUV RI WKH EODVW IXUQDFH FKDUJLQJ GHYLFH IRUPRUH HIILFLHQW RSHUDWLRQ RI WKH
ODWWHUGXHWRWKHXQLIRUPGLVWULEXWLRQRIWKHFKDUJHRQWKHFKDUJLQJVXUIDFH
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APPLICATION OF THE 5,7= METHOD IN TASKS 
LOUD SPEAKERS AT MOTION OF LOAD ON BRANCH  
TUBULAR BAND CONVEYER 

ɇɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ Ɋɢɬɰɚ ɨɩɪɟɞɟɥɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɥɟɧɬɵ ɫ ɝɪɭɡɨɦ ɩɨ ɪɨɥɢɤɨɨɩɨɪɚɦ ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ. ɉɪɢ ɷɬɨɦ ɥɟɧɬɚ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɤɚɤ 
ɬɹɠɟɥɚɹ ɪɚɫɬɹɠɢɦɚɹ ɧɢɬɶ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ 
ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɫ ɤɪɭɩɧɵɦɢ ɤɭɫɤɚɦɢ ɝɪɭɡɚ ɩɨ ɪɨɥɢɤɨɨɩɨɪɚɦ 
ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ. 
ɇɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ Ɋɿɬɰɚ ɜɢɡɧɚɱɟɧɨ ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɪɭɫɿ ɫɬɪɿɱɤɢ ɡ 
ɜɚɧɬɚɠɟɦ ɩɨ ɪɨɥɢɤɨɨɩɨɪɚɯ ɬɪɭɛɱɚɫɬɨɝɨ ɤɨɧɜɟɽɪɚ. ɉɪɢ ɰɶɨɦɭ ɫɬɪɿɱɤɚ ɪɨɡɝɥɹɞɚɥɚɫɹ ɹɤ ɜɚɠɤɚ 
ɪɨɡɬɹɠɧɚ ɧɢɬɤɚ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɤɨɟɮɿɰɿɽɧɬɚ ɞɢɧɚɦɿɱɧɨɫɬɿ ɩɪɢ ɪɭɫɿ ɫɬɪɿɱɤɢ ɡ 
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ɪɨɡɩɨɞɿɥɟɧɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɿ ɡ ɜɟɥɢɤɢɦɢ ɲɦɚɬɤɚɦɢ ɜɚɧɬɚɠɭ ɩɨ ɪɨɥɢɤɨɨɩɨɪɚɯ ɬɪɭɛɱɚɫɬɨɝɨ 
ɤɨɧɜɟɽɪɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɪɭɛɱɚɬɵɯ ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜ-
ɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɪɨɥɢɤɨɨɩɨɪ ɢ ɪɨɥɢɤɨɜ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɝɨ ɝɪɭɡɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ.
Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɩɪɢɱɢɧ, ɫɧɢɠɚɸɳɢɯ ɧɚɞɟɠɧɨɫɬɶ ɪɨɥɢɤɨɜ ɤɨɧɜɟɣɟɪɚ, ɹɜ-
ɥɹɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɪɨɥɢɤɨɨɩɨɪɵ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɤɪɭɩɧɵɯ ɤɭɫɤɨɜ ɝɪɭɡɚ ɩɨ ɫɬɚɜɭ ɤɨɧɜɟɣɟɪɚ>@
ȼ ɫɬɚɬɶɟ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ Ɋɢɬɰɚ [3] ɨɩɪɟɞɟɥɟɧɵ ɧɚɝɪɭɡɤɢ ɧɚ ɪɨɥɢɤɨɨɩɨ-
ɪɵ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɚ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢ-
ɤɨɨɩɨɪɚɦ ɬɪɭɛɱɚɬɨɝɨ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ. 
ȼɧɚɱɚɥɟ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 
vɥɞɜɢɠɟɬɫɹ ɥɟɧɬɚ ɫ ɦɟɥɤɨɤɭɫɤɨɜɵɦ ɝɪɭɡɨɦ ɢ ɩɨɫɬɨɹɧɧɨɣ ɩɨɝɨɧɧɨɣ ɧɚɝɪɭɡɤɨɣ 
qɝ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɪɚɜɧɹɟɬɫɹ lɪ(ɪɢɫ. 1).
Ʌɟɧɬɭ ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ ɜɦɟɫɬɟ ɫ ɝɪɭɡɨɦ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ [2] ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɬɹɠɟɥɭɸ ɝɢɛɤɭɸ ɧɢɬɶ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɜɟɫɨɦ qɪɚɫɬɹɧɭɬɭɸ 
ɫɢɥɚɦɢ ɧɚɬɹɠɟɧɢɹ Sɥ. ɉɪɢ ɷɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɜɟɫ ɧɢɬɢ q ɪɚɜɟɧ ɫɭɦɦɟ ɩɨɝɨɧ-
ɧɨɝɨ ɜɟɫɚ ɥɟɧɬɵ qɥ  ɢ ɩɨɝɨɧɧɨɝɨ ɜɟɫɚ ɦɟɥɤɨɤɭɫɤɨɜɨɝɨ ɝɪɭɡɚ qɝ
ɋɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ Ȼɢɪɝɟɪɚ ɂ.Ⱥ., Ȼɚɛɚɤɨɜɚ ɂ.Ɇ. ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɪɚɫ-
ɬɹɧɭɬɨɣ ɬɹɠɟɥɨɣ ɝɢɛɤɨɣ ɧɢɬɢ ɢɦɟɟɬ ɜɢɞ:
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ɝɞɟ ɯ–ɩɪɨɞɨɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ, ɦ; y–ɩɪɨɝɢɛ ɧɢɬɢ (ɥɟɧɬɵ), ɦ; ȡɫ–ɩɪɢɜɟɞɟɧɧɚɹ 
ɩɨɝɨɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɧɢɬɢ (ȡɫ = q/g), ɤɝ/ɦ; q–ɫɭɦɦɚ ɩɨɝɨɧɧɨɝɨ ɜɟɫɚ ɥɟɧɬɵ ɢ ɝɪɭ-
ɡɚ (q=qɥ+qɝ), ɇ/ɦ; qɝ–ɩɨɝɨɧɧɵɣ ɜɟɫ ɝɪɭɡɚ, ɇ/ɦ; qɥ–ɩɨɝɨɧɧɵɣ ɜɟɫ ɥɟɧɬɵ, ɇ/ɦ.


Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ
ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨɪɚɦ ɤɨɧɜɟɣɟɪɚ

ɉɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ:
–ɜ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɥɟɧɬɵ ɫ ɥɟɜɵɦ ɪɨɥɢɤɨɦ
ɩɪɢ  ɯ=ɭ=
–ɜ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɥɟɧɬɵ ɫ ɩɪɚɜɵɦ ɪɨɥɢɤɨɦ
ɩɪɢ  x=lɪ ɭ=     
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
Ɍɚɤ ɤɚɤ ɞɜɢɠɟɧɢɟ ɧɢɬɢ ɫɬɚɰɢɨɧɚɪɧɨ, ɬ.ɟ. q  FRQVWɢ vɥ  FRQVW, ɬɨ ɢɦɟɸɬ 
ɦɟɫɬɨ ɪɚɜɟɧɫɬɜɚ:
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Ɉɬɤɭɞɚ, ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɢ 
y = ĳxtt) Ȼɟɪɦɚɧɬ Ⱥ.Ɏ.  ɢ ɫ ɭɱɟɬɨɦ ɩɪɟɞɵɞɭɳɢɯ ɪɚɜɟɧɫɬɜ, ɢɦɟɟɦ
dx
dyv
dt
dx
x
y
t
y
dt
dy
ɥ w
ww
w 
Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɩɨɫɥɟɞɧɟɟ ɪɚɜɟɧɫɬɜɨ ɟɳɟ ɪɚɡ ɩɨ ɜɪɟɦɟɧɢ t, ɩɨɥɭɱɢɦ
2
2
2
2
2
dx
ydv
dt
yd
ɥ      
ɉɨɞɫɬɚɜɥɹɹ (3) ɜ (1), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ
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ɂɧɬɟɝɪɢɪɭɹ ɭɪɚɜɧɟɧɢɟ (4) ɩɪɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ (2), ɩɨɥɭɱɢɦ ɟɝɨ ɪɟɲɟ-
ɧɢɟ ɜ ɜɢɞɟ:
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)(2
2 ɪɥɥ
lxx
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
     
ɂɡ ɪɚɜɟɧɫɬɜɚ (5) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ ɩɨ ɠɟɫɬɤɢɦ 
ɪɨɥɢɤɨɨɩɨɪɚɦ ɫ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɥɟɧɬɚ ɩɪɨɝɢɛɚɟɬɫɹ ɩɨ 
ɩɚɪɚɛɨɥɟ. ɉɪɢ ɷɬɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ qɢ ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ 
vɥ, ɬɟɦ ɩɪɨɝɢɛ ɥɟɧɬɵ ɛɨɥɶɲɟ, ɚ ɱɟɦ ɛɨɥɶɲɟ ɧɚɬɹɠɟɧɢɟ ɥɟɧɬɵ Sɥ, ɬɟɦ ɨɧ ɦɟɧɶɲɟ.
ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɝɢɛ ɥɟɧɬɵ ymɧɚɯɨɞɢɬɫɹ ɧɚ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ 
ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ. ɉɨɞɫɬɚɜɢɦ x = lɪ/2 ɜ (5), ɩɨɥɭɱɢɦ
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
ȼ ɫɥɭɱɚɟ ɧɟɩɨɞɜɢɠɧɨɣ ɥɟɧɬɵ, ɬ.ɟ. ɩɪɢ vɥ = 0, ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɝɢɛ ɥɟɧɬɵ 
ɪɚɜɟɧ [4]
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
Ɉɩɪɟɞɟɥɢɦ ɬɟɩɟɪɶ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɩɨ-
ɫɬɨɹɧɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨɪɚɦ ɬɪɭɛɱɚɬɨɝɨ 
ɤɨɧɜɟɣɟɪɚ.
Ɋɚɫɩɪɟɞɟɥɟɧɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ ɥɟɧɬɭ ɤɨɧɜɟɣɟ-
ɪɚ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ
2
2
dt
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
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
ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (8) ɜɬɨɪɨɣ ɱɥɟɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɭɸ ɫɢɥɭ ɢɧɟɪɰɢɢ, ɜɨɡɧɢɤɚɸɳɭɸ ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɝɪɭɡɨɦ ɢ ɨɛɭɫɥɨɜ-
ɥɟɧɧɭɸ ɢɡɝɢɛɨɦ ɥɟɧɬɵ.
ȼ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɬ.ɟ. ɩɪɢ vɥ = FRQVW, ɪɚ-
ɜɟɧɫɬɜɨ (8) ɫ ɭɱɟɬɨɦ (3) ɩɪɢɦɟɬ ɜɢɞ:     
2
2
2
dx
ydvqq ɫɞ U     
ɉɨɞɫɬɚɜɢɜ (5) ɜ (9), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ
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ɂɡ ɮɨɪɦɭɥɵ (1) ɫɥɟɞɭɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ vɥ
ɢ ɩɨɝɨɧɧɨɣ ɧɚɝɪɭɡɤɢ q ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ kɞɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɫ ɭɜɟɥɢ-
ɱɟɧɢɟɦ ɧɚɬɹɠɟɧɢɹ ɥɟɧɬɵ Sɥ–ɭɦɟɧɶɲɚɟɬɫɹ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɪɚɜɟɧɫɬɜɚ (11) ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɪɚɜɧɨ 
ɧɭɥɸ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ, ɪɚɜɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ, ɬ.ɟ. ɩɪɢ vɥ = vɤɪ, ɫ ɜɨɡɧɢɤɧɨɜɟ-
ɧɢɟɦ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɧɚɝɪɭɡɤɢ ɧɚ ɥɟɧɬɟ ɤɨɧɜɟɣɟɪɚ ɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɢɥɢɹ, 
ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɪɨɥɢɤɨɨɩɨɪɵ, ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɥɟɧɢɟ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ [5]. ɉɪɢɪɚɜɧɢɜɚɹ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɜ ɩɪɚɜɨɣ 
ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (11) ɤ ɧɭɥɸɩɨɥɭɱɢɦ ɤɪɢɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ, ɪɚɜɧɭɸ  
c
ɥɥɤɪ
S
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
Ɏɨɪɦɭɥɚ (12) ɫɨɜɩɚɞɚɟɬ ɫ ɮɨɪɦɭɥɨɣ ɉɚɧɤɪɚɬɨɜɚ [4].
ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɪɚɜɟɧɫɬɜɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ vɤɪ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɬɹɠɟɧɢɹ ɥɟɧɬɵ Sɥ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɝɨɧɧɨɣ 
ɧɚɝɪɭɡɤɢ qɭɦɟɧɶɲɚɟɬɫɹ.
Ɍɟɩɟɪɶ ɨɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɪɭɩɧɵɯ 
ɤɭɫɤɨɜ ɝɪɭɡɚ ɩɨ ɫɬɚɜɭ ɬɪɭɛɱɚɬɨɝɨɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɫ ɠɟɫɬɤɢɦɢ ɪɨɥɢɤɨɨɩɨ-
ɪɚɦɢ.
ɉɪɟɞɩɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɥɟɧɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɹɠɟɥɭɸ ɝɢɛɤɭɸ ɧɢɬɶ, 
ɪɚɫɬɹɧɭɬɭɸ ɫɢɥɨɣ Sɥɢ ɧɚɝɪɭɠɟɧɧɭɸ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ q, ɤɨ-
ɬɨɪɚɹ ɜɦɟɫɬɟ ɫ ɤɪɭɩɧɵɦ ɤɭɫɤɨɦ ɜɟɫɨɦ Pkɞɜɢɠɟɬɫɹ ɩɨ ɪɨɥɢɤɚɦ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨ-
ɪɨɫɬɶɸ vɥ(ɪɢɫ. 2). 
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ɊɢɫɊɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɤɭɫɤɨɜ ɝɪɭɡɚ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨɪɚɦ

ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɫɨɝɥɚɫɧɨ [4,6], ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɬɹɠɟɥɨɣ ɧɢɬɢ ɡɚɩɢ-
ɲɟɬɫɹ ɜ ɜɢɞɟ:
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ɝɞɟ fxt–ɩɨɞɜɢɠɧɚɹ ɧɚɝɪɭɡɤɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɥɟɧɬɭ, ɇ/ɦ.
ɉɨɞɜɢɠɧɭɸ ɧɚɝɪɭɡɤɭ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ ɥɟɧɬɭ, ɩɪɟɞɫɬɚɜɢɦ ɤɚɤ ɫɭɦɦɭ ɧɟ-
ɩɪɟɪɵɜɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ q ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬ ɫɢɥɵ ɬɹ-
ɠɟɫɬɢ ɤɭɫɤɚ ɝɪɭɡɚ Pkɫ ɭɱɟɬɨɦ ɫɢɥɵ ɢɧɟɪɰɢɢ ɢ  ɡɚɩɢɲɟɦ  ɟɟ ɜ ɜɢɞɟ [5]:
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ɝɞɟ Gx–ɞɟɥɶɬɚɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ.
ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɮɨɪɦɭɥɵ (14) ɜɬɨɪɨɣ ɱɥɟɧ ɜ ɫɤɨɛɤɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  
ɫɢɥɭ ɢɧɟɪɰɢɢ, ɜɨɡɧɢɤɚɸɳɭɸ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɭɫɤɚ ɝɪɭɡɚ ɩɨ ɫɬɚɜɭ ɥɟɧɬɨɱɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ ɢ ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɢɡɝɢɛɨɦ ɥɟɧɬɵ.
ȼɵɪɚɠɟɧɢɟ, ɫɬɨɹɳɟɟ ɜ ɫɤɨɛɤɚɯ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (14), ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɭɦɦɭ ɫɢɥ ɬɹɠɟɫɬɢ ɢ ɢɧɟɪɰɢɢ ɤɭɫɤɚ ɝɪɭɡɚ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɟɝɨ ɞɜɢɠɟ-
ɧɢɢ ɩɨ ɥɟɧɬɟ ɢ ɧɚɩɪɚɜɥɟɧɧɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ.
ɉɪɟɧɟɛɪɟɝɚɹ ɢɧɟɪɰɢɟɣ ɩɨɜɨɪɨɬɚ ɥɟɧɬɵ ɢ ɝɪɭɡɚ, ɬ.ɟ. ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ 
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ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɟ (15) ɜ (13), ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɥɟɧɬɵ 
ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɞɜɢɠɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ:
  ),(22222 txfx ySvt y ɥɥcɫ  wwUwwU    
ɉɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɸɬɫɹ:
–ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 
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ɩɪɢ t y 
–ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ:
ɜ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɥɟɧɬɵ ɫ ɥɟɜɵɦ ɪɨɥɢɤɨɦ
ɩɪɢ x y 
ɜ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ ɥɟɧɬɵ ɫ ɩɪɚɜɵɦ ɪɨɥɢɤɨɦ 
ɩɪɢ x lp   y       
Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɪɨɥɢɤɨɨɩɨɪɭ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɪɭɩɧɨ-
ɝɨ ɤɭɫɤɚ ɝɪɭɡɚ ɧɚ ɥɟɧɬɟ ɤɨɧɜɟɣɟɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [3]
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ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (18) ɜɬɨɪɨɣ ɱɥɟɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɥɭ ɢɧɟɪ-
ɰɢɢ, ɜɨɡɧɢɤɚɸɳɭɸ ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɤɭɫɤɨɦ ɝɪɭɡɚ ɩɨ ɫɬɚɜɭ ɢ ɨɛɭɫɥɨɜɥɟɧ-
ɧɭɸ ɢɡɝɢɛɨɦ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ. 
ɍɪɚɜɧɟɧɢɟ (16) ɫ ɭɱɟɬɨɦ (17) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɠɧɨ  ɪɟɲɢɬɶ ɦɟɬɨɞɨɦ Ȼɭɛ-
ɧɨɜɚȽɚɥɟɪɤɢɧɚ [5]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɧɨ ɩɪɢɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ Ɇɚɬɶɟ, ɢɡ 
ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ ɚɦɩɥɢɬɭɞɵ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɥɟɧɬɵ. Ɉɞɧɚ-
ɤɨ ɪɟɲɟɧɢɟ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ 
(16), ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɢɧɠɟɧɟɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɢɦɟɧɢɦ ɩɪɢɛɥɢɠɟɧɧɵɣ ɦɟɬɨɞ 
Ɋɢɬɰɚ [3].
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɢ ɝɪɭɡɚ 
vɥɦ/ɫ) ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɢɥɢɹ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɚɦɩɥɢɬɭɞɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟɪɜɨɣ ɮɨɪɦɟ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɹ ɥɟɧɬɵ ɜ 
ɩɪɨɥɟɬɟ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ȾɟɧȽɚɪɬɨɝ Ⱦɠ. ɉ., ɬ. ɟ.
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xay S sin       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
ɝɞɟ a–ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɝɢɛ ɥɟɧɬɵ ɜ ɬɨɱɤɟ x l/2 (ɧɟɢɡɜɟɫɬɧɵɣ ɩɚɪɚɦɟɬɪ).
ɉɚɪɚɦɟɬɪ aɨɩɪɟɞɟɥɢɦ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ ɩɨɥɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪ-
ɝɢɢ W, ɬ.ɟ. ɦɢɧɢɦɭɦɚ ɫɭɦɦɵ ɤɢɧɟɬɢɱɟɫɤɨɣ Tɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ Uɷɧɟɪɝɢɣ ɩɪɢ 
ɫɨɜɦɟɫɬɧɨɦ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ, ɦɟɥɤɨɤɭɫɤɨɜɨɝɨ ɝɪɭɡɚ ɢ ɤɪɭɩɧɨɝɨ ɤɭɫɤɚ ɩɨ ɪɨɥɢ-
ɤɨɨɩɨɪɚɦ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 
W TUoPLQ      
ɉɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ W ɥɟɧɬɵ ɢ ɝɪɭɡɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɦɟɠɞɭ ɪɨɥɢ-
ɤɨɨɩɨɪɚɦɢ, ɪɚɜɧɚ ɫɭɦɦɟ ɩɨɥɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ Wɞɜɢɠɭɳɟɣɫɹ ɥɟɧɬɵ ɫ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɩɨɥɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɤɭɫɤɚ ɝɪɭɡɚ W ɜ 
ɦɨɦɟɧɬ ɟɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɫɟɪɟɞɢɧɵ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ, ɬ.ɟ.
W = WW      
ɉɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ W ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɧɚɝɪɭɡɤɨɣ q ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɪɚɜɧɚ ɫɭɦɦɟ ɤɢɧɟɬɢɱɟɫɤɨɣ Ɍɢ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ Uɷɧɟɪɝɢɣ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɫ ɧɚɝɪɭɡɤɨɣ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ, ɬ.ɟ.
W TU      
ɋɨɝɥɚɫɧɨ [5] ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɢ ɬɹɠɟɥɨɣ ɝɢɛɤɨɣ ɧɢɬɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ:
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ȼɟɪɬɢɤɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ ɬɨɱɟɤ ɥɟɧɬɵ ɢ ɝɪɭɡɚ ɜ ɫɥɭɱɚɟ ɩɨɫɬɨɹɧ-
ɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ ɫ ɝɪɭɡɨɦ ɩɨ ɪɨɥɢɤɨɨɩɨɪɚɦ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 
ɫɨɝɥɚɫɧɨ (9) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ
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ɉɨɞɫɬɚɜɥɹɹ (23) ɢ (24) ɜ ɜɵɪɚɠɟɧɢɟ (22) ɫ ɭɱɟɬɨɦ  (25), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ ɩɨɥɭɱɢɦ   ³³ ¹¸·©¨§ ɪɪ
ll
ɥɥ ydxqdx
dx
dySgqvW
00
22
1 2
/    
ɋɭɦɦɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɣ Wɤɭɫɤɚ ɝɪɭɡɚ, ɞɜɢɠɭɳɟ-
ɝɨɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ vɥɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɥɟɧɬɵ, ɬɨ ɟɫɬɶ ɩɪɢ 
x=lp /2
ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɥɵ Fɞɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɨɝɢɛɚ 
ɥɟɧɬɵ a, ɢ ɫɨɝɥɚɫɧɨ (18) ɢɦɟɟɬ ɜɢɞ:
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
ɉɨɞɫɬɚɜɢɜ ɜ ɮɨɪɦɭɥɭ (27) ɡɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɬɨɱɟɤ ɥɟɧɬɵ 
ɢɡ ɜɵɪɚɠɟɧɢɹ (25), ɩɨɥɭɱɢɦ
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ɉɨɞɫɬɚɜɥɹɹ (19) ɢ (26) ɜ (28), ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɫ ɭɱɟɬɨɦ (25), ɚ ɡɚɬɟɦ, ɩɪɨɫɭɦɦɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɫɨɝɥɚɫɧɨ (21), 
ɩɨɥɭɱɢɦ:
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ W ɩɪɢɪɚɜɧɹɟɦ ɩɟɪɜɭɸ ɩɪɨɢɡ-
ɜɨɞɧɭɸ  Wɩɨ ɚɤ ɧɭɥɸ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ 
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Ɋɟɲɚɹ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ (30) ɨɬɧɨɫɢɬɟɥɶɧɨ ɚ, ɩɨɥɭɱɢɦ
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ɉɨɞɫɬɚɜɥɹɹ (19) ɜ (18) ɫ ɭɱɟɬɨɦ (25), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ 
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
ɉɨɞɫɬɚɜɥɹɹ (31) ɜ (32), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ ɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɢ-
ɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɠɟɫɬɤɢɟ ɪɨɥɢɤɨɨɩɨɪɵ ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɝɪɭɡɨɦ ɩɨ 
ɫɬɚɜɭ ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ: 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɦɟɥɤɨɤɭɫɤɨɜɨɝɨ ɝɪɭɡɚ ɢ ɤɪɭɩ-
ɧɵɯ ɤɭɫɤɨɜ ɝɪɭɡɚ ɞk ɨɩɪɟɞɟɥɢɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɫɢɥɢɹ ɞF ɤ ɜɟ-
ɫɭ ɤɭɫɤɚ ɝɪɭɡɚ Ɋk.ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ
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ɂɡ ɮɨɪɦɭɥɵ (34) ɫɥɟɞɭɟɬ, ɱɬɨ ɫɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ vɥ
ɩɨɝɨɧɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɥɤɨɤɭɫɤɨɜɨɝɨ ɝɪɭɡɚ qɝ ɢɥɢ ɜɟɫɚ ɤɭɫɤɨɜ ɝɪɭɡɚ Pkɤɨɷɮɮɢ-
ɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ kɞɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɬɹɠɟɧɢɹ ɥɟɧɬɵ Sɥ –
ɭɦɟɧɶɲɚɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɡɧɚɦɟɧɚɬɟɥɶ ɞɪɨ-
ɛɢ ɥɟɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɹ (34) ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɭɥɸ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚ-
ɦɢɱɧɨɫɬɢ ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, 
ɩɪɢ ɞɜɢɠɟɧɢɢ ɥɟɧɬɵ ɫ ɝɪɭɡɨɦ ɩɨ ɫɬɚɜɭ ɤɨɧɜɟɣɟɪɚ ɜɨɡɧɢɤɚɟɬ ɞɢɧɚɦɢɱɟɫɤɚɹ ɧɟ-
ɭɫɬɨɣɱɢɜɨɫɬɶ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɞɢɧɚɦɢɱɟ-
ɫɤɢɟ ɭɫɢɥɢɹ ɧɚ ɪɨɥɢɤɨɨɩɨɪɚɯ. ɉɪɢɪɚɜɧɢɜɚɹ ɡɧɚɦɟɧɚɬɟɥɶ ɜɬɨɪɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜ 
ɥɟɜɨɣ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (34) ɤ ɧɭɥɸ, ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ, 
ɪɚɜɧɨɟ
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
ɂɡ ɮɨɪɦɭɥɵ (35) ɫɥɟɞɭɟɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ vɤɪ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɧɚɬɹɠɟɧɢɹ ɥɟɧɬɵ Skɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ lɪɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɩɨɝɨɧɧɨɣ ɧɚɝɪɭɡɤɢ qɝ ɢɥɢ ɜɟɫɚ ɤɭɫɤɚ ɝɪɭɡɚ Pk–ɭɦɟɧɶɲɚɟɬɫɹ.
ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ 
ɨɬ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ vɥ ɫ ɦɟɥɤɨɤɭɫɤɨɜɵɦ ɝɪɭɡɨɦ (ɤɪɢɜɚɹ kɞ) ɢ ɫ ɨɬɞɟɥɶɧɵɦ ɤɭɫ-
ɤɨɦ ɝɪɭɡɚ (ɤɪɢɜɚɹ kɞ) ɩɪɢ ɟɟ ɞɜɢɠɟɧɢɢ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨɪɚɦ ɬɪɭɛɱɚɬɨɝɨ 
ɤɨɧɜɟɣɟɪɚ.  


Ɋɢɫ. 3. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ ɞɥɹ ɠɟɫɬɤɢɯ ɪɨɥɢɤɨɨɩɨɪ ɩɪɢ ɞɜɢɠɟɧɢɢ
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɨɬɞɟɥɶɧɨɝɨ ɤɭɫɤɚ

ɉɪɢ ɷɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ qɪɚɜɧɹɥɚɫɶ ɜɟɫɭ ɤɭɫɤɚ ɝɪɭɡɚ Ɋɤɢ ɩɪɢ-
ɧɢɦɚɥɚ ɡɧɚɱɟɧɢɟ qɝ 1200 ɇ (Ɋɤ 1200 ɇ).
ɉɚɪɚɦɟɬɪɵ ɤɨɧɜɟɣɟɪɚ ɢ ɪɨɥɢɤɨɨɩɨɪ ɩɪɢɧɢɦɚɥɢ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ:  
Sɥ 10000 ɇ;  lp 1 ɦ; G= 600 ɇ. ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚ-
ɦɢɱɧɨɫɬɢ ɜ ɫɥɭɱɚɟ ɨɬɞɟɥɶɧɨɝɨ ɤɭɫɤɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ ɤɨɧɜɟɣɟɪɚ 
ɛɨɥɶɲɟ, ɱɟɦ 2 ɦ/ɫ, ɜ ɞɜɚ ɢ ɛɨɥɟɟ ɪɚɡ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. ɗɬɨ 
ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɪɚɞɢɭɫ ɩɪɨɝɢɛɚ ɥɟɧɬɵ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɭɫɤɚ ɝɪɭɡɚ ɦɟɠɞɭ ɪɨɥɢ-
ɤɨɨɩɨɪɚɦɢ ɛɨɥɶɲɟ, ɱɟɦ ɪɚɞɢɭɫ ɩɪɨɝɢɛɚ ɥɟɧɬɵ ɩɪɢ ɞɜɢɠɟɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ, ɪɚɜɧɨɣ ɜɟɫɭ ɤɭɫɤɚ ɝɪɭɡɚ. 
ȼɵɜɨɞɵ 
1. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ Ɋɢɬɰɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ 
ɧɚɫɵɩɧɨɝɨ ɝɪɭɡɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɤɪɭɩɧɵɟ ɤɭɫɤɢ,ɩɨ ɫɬɚɜɭ ɬɪɭɛɱɚɬɨɝɨ ɥɟɧɬɨɱɧɨɝɨ 
ɤɨɧɜɟɣɟɪɚ ɫ ɠɟɫɬɤɢɦɢ ɪɨɥɢɤɨɨɩɨɪɚɦɢ. ɉɪɢ ɷɬɨɦ ɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɢɥɢɹ, ɜɨɡɧɢ-
ɤɚɸɳɢɟ ɧɚ ɪɨɥɢɤɨɨɩɨɪɚɯ, ɜ ɨɫɧɨɜɧɨɦ ɨɛɭɫɥɨɜɥɟɧɵ ɩɪɨɝɢɛɨɦ ɥɟɧɬɵ, ɜɵɡɜɚɧ-
ɧɵɦ ɜɟɫɨɦ ɝɪɭɡɚ.
2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɚ ɩɨ ɫɬɚɜɭ ɥɟɧɬɨɱɧɨɝɨ ɬɪɭɛɱɚɬɨɝɨ ɤɨɧɜɟɣɟɪɚ ɫ 
ɠɟɫɬɤɢɦɢ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɭɫɬɚɧɨɜɥɟɧɨ:
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
–ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɚ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨ-
ɪɚɦ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ, 
ɩɪɢɱɟɦ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɢ ɥɟɧɬɵ vɥ ɤ 3 ɦ/ɫ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢ-
ɧɚɦɢɱɧɨɫɬɢ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬ.ɟ. ɜɨɡɧɢɤɚɟɬ ɞɢɧɚɦɢɱɟɫɤɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ;
– ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɪɭɩɧɵɯ ɤɭɫɤɨɜ ɝɪɭɡɚ ɩɨ 
ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨɪɚɦ ɛɨɥɶɲɟ, ɱɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɜɟɫɨɦ, ɪɚɜɧɵɦ ɫɢɥɟ ɬɹɠɟɫɬɢ ɤɪɭɩɧɨɝɨ ɤɭɫɤɚ ɝɪɭɡɚ;
–ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɚ ɩɨ ɠɟɫɬɤɢɦ ɪɨɥɢɤɨɨɩɨ-
ɪɚɦ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɪɨɥɢɤɨɨɩɨɪɚɦɢ ɭɦɟɧɶɲɚɟɬɫɹ. ɗɬɨ ɫɜɹɡɚ-
ɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ ɥɟɧɬɵ ɩɪɢ ɟɟ ɞɜɢɠɟɧɢɢ ɫ ɝɪɭɡɨɦ ɦɟɠɞɭ 
ɪɨɥɢɤɨɨɩɨɪɚɦɢ.

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$%675$&7
3XUSRVH7KHSXUSRVHRIWKHZRUNLVWRGHYHORSDPHWKRGIRUGHWHUPLQLQJWKHG\QDPLFIRUFHVGXU
LQJWKHPRYHPHQWRIFDUJRDORQJWKHWXEXODUFRQYH\RUEHOWZKLFKDULVHZKHQWKHEHOWDQGWKHJRRGV
PRYHDORQJUROOHUVXSSRUWVRIDWXEXODUFRQYH\RU$WWKHVDPHWLPHWKHFDUJRZDVFRQVLGHUHGDVD
VPDOOSLHFHEXONFDUJRZLWKLQFOXVLRQRIODUJHSLHFHV

7KHPHWKRGRORJ\7ZRFDVHVZHUHFRQVLGHUHGWRVROYHWKHSUREOHP7KHILUVWFDVHLVWKHPRYHPHQW
RIDEHOWZLWKDVPDOOOXPS\ORDGDQGFRQVWDQWOLQHDUORDGLQJWKHVHFRQGFDVHLVWKHPRYHPHQWRID
ULEERQZLWKDVPDOOOXPS\ORDGLQFOXGLQJRQHODUJHSLHFH$VDUHVXOWDV\VWHPRIHTXDWLRQVLVRE
WDLQHGGHVFULELQJWKHYHUWLFDOYLEUDWLRQVRIWKHWDSHXQGHUWKHDFWLRQRIGLVWULEXWHGORDGDQGFRQFHQ
WUDWHGZKLFKZDVVROYHGZLWKWKHKHOSRIWKH5LW]
VHQHUJ\PHWKRG2QO\WKHILUVWIRUPVRIWKHQDWX
UDOYLEUDWLRQVRIWKHWDSHZHUHFRQVLGHUHG

)LQGLQJV$VDUHVXOWRIWKHVROXWLRQRIWKHSUREOHPG\QDPLFIRUFHVDUHGHWHUPLQHGIRUUROOHUEHDU
LQJVDVZHOODVWKHG\QDPLVPIDFWRUIRUWKHPRYHPHQWRIVPDOOSLHFHVRIFDUJRDQGSLHFHVRIFDUJR
RQULJLGUROOHUVRIDWXEXODUFRQYH\RUEHOW,QDGGLWLRQWKHFULWLFDOVSHHGVRIWKHFRQYH\RUEHOWDUH
REWDLQHGXQGHUZKLFKG\QDPLFLQVWDELOLW\RFFXUVZKHQWKHEHOWDQGWKHJRRGVPRYHDORQJWKHUROOHU
VXSSRUWVRIWKHWXEXODUFRQYH\RU

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Ƚɿɪɧɢɱɿ ɦɚɲɢɧɢ ɿ ɝɟɨɬɟɯɧɿɱɧɚ ɦɟɯɚɧɿɤɚ

7KHRULJLQDOLW\)RUWKHILUVWWLPHXVLQJWKH5LW]PHWKRGDPDWKHPDWLFDOPRGHORIWKHPRYHPHQW
RIEXONFDUJR LQFOXGLQJ ODUJHSLHFHVKDVEHHQGHYHORSHGRQ WKHEDVLVRID WXEXODUEHOWFRQYH\RU
ZLWKULJLGUROOHUEHDULQJV

3UDFWLFDOLPSOLFDWLRQV7KHGHYHORSHGPHWKRGIRUGHWHUPLQLQJWKHG\QDPLFIRUFHVDQGWKHG\QDP
LFIDFWRUIRUWKHPRYHPHQWRIWKHEHOWDQGWKHORDGDORQJWKHUROOHUVXSSRUWVRIWKHWXEXODUFRQYH\RU
ZLOODOORZGHWHUPLQLQJWKHORDGRQWKHUROOHUEHDULQJVDWWKHGHVLJQVWDJHRIWKHWXEXODUFRQYH\RUV
DQGWKHUHE\LQFUHDVLQJWKHUHOLDELOLW\RIWKHFRQYH\RU

Keywords: tubular conveyor, roller bearings, tape, small-piece cargo, large piece, dynamic forces, 
dynamic coefficient, critical speed. 



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DETERMINATION OF CARRYING CAPACITY OF SYSTEM 
CONVEYER TRANSPORT OF COAL MINES  
WITH THE GUIDED HEAT-SINK BUNKERS 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɞɢɧɚɦɢɤɢ ɫɪɟɞɧɢɯ ɞɥɹ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɩɪɟɞɟɥɟɧɚ ɫɪɟɞɧɹɹ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɫ ɫɚɦɨɩɨɞɨɛɧɨɣ 
ɞɪɟɜɨɜɢɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɚɤɤɭɦɭɥɢɪɭɸɳɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɨɞɞɟɪɠɚ-
ɧɢɹ ɜ ɧɢɯ ɨɛɴɟɦɚ ɝɪɭɡɚ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɥɢɫɶ ɩɪɨɫɬɨɢ ɤɨɧɜɟɣɟɪɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɝɪɭɡɨɩɨɬɨɤɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɢɡ ɥɚɜ. 
ɇɚ ɩɿɞɫɬɚɜɿ ɦɟɬɨɞɭ ɞɢɧɚɦɿɤɢ ɫɟɪɟɞɧɿɯ ɞɥɹ ɦɚɪɤɨɜɫɶɤɢɯ ɩɪɨɰɟɫɿɜ ɜɢɡɧɚɱɟɧɨ ɫɟɪɟɞɧɸ ɩɪɨ-
ɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ ɫɢɫɬɟɦɢ ɤɨɧɜɟɽɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɜɭɝɿɥɶɧɢɯ ɲɚɯɬ ɿɡ ɫɚɦɨɩɨɞɿɛɧɨɸ ɞɟɪɟɜɨɜɢɞ-
ɧɨɸ ɫɬɪɭɤɬɭɪɨɸ ɡ ɚɤɭɦɭɥɸɸɱɢɦɢ ɛɭɧɤɟɪɚɦɢ, ɳɨ ɩɪɚɰɸɸɬɶ ɜ ɪɟɠɢɦɿ ɩɿɞɬɪɢɦɤɢ ɜ ɧɢɯ ɨɛ'ɽɦɭ 
ɜɚɧɬɚɠɭ ɜ ɡɚɞɚɧɢɯ ɝɪɚɧɢɰɹɯ. ɉɪɢ ɰɶɨɦɭ ɜɪɚɯɨɜɭɜɚɥɢɫɹ ɩɪɨɫɬɨʀɤɨɧɜɟɽɪɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɿ ɧɟɪɿ-
ɜɧɨɦɿɪɧɿɫɬɶ ɜɚɧɬɚɠɨɩɨɬɨɤɿɜ, ɳɨ ɩɨɫɬɭɩɚɸɬɶ ɡ ɥɚɜ.

ȼɜɟɞɟɧɢɟ. ɋɢɫɬɟɦɚ ɤɨɧɜɟɣɟɪɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬ 
ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɪɚɡɜɟɬɜɥɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ɉɬɤɚɡɵ ɤɨɧɜɟɣɟɪɨɜ ɱɚɫɬɨ ɩɪɢɜɨɞɹɬ ɤ 
ɩɪɨɫɬɨɹɦ ɥɚɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɤɨɧ-
ɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ.
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɜɟɣɟɪ-
ɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɧɚ ɭɝɨɥɶɧɵɯ ɲɚɯɬɚɯ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɚɤɤɭɦɭ-
ɥɢɪɭɸɳɢɟ ɛɭɧɤɟɪɵ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɡɚ ɫɱɟɬ ɧɚɤɨɩɥɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɝɪɭɡɚ ɜ ɛɭɧɤɟɪɟ ɜɨ ɜɪɟɦɹ ɩɪɨɫɬɨɟɜ ɤɨɧɜɟɣɟɪɨɜ ɭɜɟɥɢɱɢɬɶ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛ-
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